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TITLE OF THE INVENTION 
Method of Analyzing Gas Using Quartz Oscillator 
and Apparatus Therefor 

5 BACKGROUND OF THE INVENTION 

This invention relates to a method of quantitatively 
analyzing a target substance, such as a harmful substance, 
contained in a gas using a quartz oscillator and to an 
apparatus therefor . 

10 Known gas analyzers include gas chromatographic gas 

analyzers, arc discharge ultraviolet spectroscopic gas 
analyzers and thermal ionization gas analyzers. These 
analyzers require high manufacturing costs. 

A gas analyzer using a quartz oscillator as a sensor 

15 is also known ( JP-A-H11-44 625) . The quartz oscillator has 
a lipid membrane capable of immobilizing a target 
substance contained in a gas. Upon absorption of the 
target substance, the oscillation frequency is changed due 
to an increase of the weight of the lipid membrane. Thus, 

20 by detecting the change in frequency of the quartz 

oscillator, it is possible to determine the concentration 
of the target substance in the gas. The conventional 
analyzer, however, has a problem because the sensitivity 
is not sufficiently high. 

25 

SUMMARY OF THE INVENTION 
It is an object of the present invention to provide 
a method capable of quantitatively analyzing a trace 
amount of a target substance, such as a harmful substance, 
30 contained in a gas. 

Another object of the present invention is to 
provide a simple, inexpensive apparatus which can analyze 
a trace amount of a target substance with high sensitivity. 
It is a further object of the present invention to 
35 provide a small-sized apparatus which can measure in situ 
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a target substance contained in a gas. 

In accomplishing the above objects, there is 
provided in accordance with one aspect of the present 
invention a method of analyzing a concentration of a 
5 target substance contained in a gas, comprising the steps 
of: 

(a) providing a quartz oscillator having opposing 
surfaces each provided with an electrode, at least one of 
said electrodes being reactable with said target 

10 substance; 

(b) contacting said gas with said reactable 
electrode of said quartz oscillator so that the target 
substance is reacted with said reactable electrode; and 

(c) measuring a variation in frequency of said 
15 quartz oscillator in step (b) . 

In another aspect, the present invention provides a 
method of analyzing a concentration of a target substance 
contained in a gas, comprising the steps of: 

(a) feeding said gas to a reactor to decompose said 
20 target substance and to produce a product gas containing a 

decomposition product ; 

(b) discharging said decomposition product gas from 
said reactor; 

(c) providing a quartz oscillator having opposing 
25 surfaces each provided with an electrode, at least one of 

said electrodes being reactable with said decomposition 
product; 

(d) contacting said discharged decomposition product 
gas from step (b) with said reactable electrode of said 

30 quartz oscillator so that said decomposition product is 
reacted with said reactable electrode; and 

(e) measuring a variation in frequency of said 
quartz oscillator in step (d) . 

The present invention also provides an apparatus for 
35 analyzing a concentration of a target substance contained 



in a gas, comprising: 

a reactor configured to receive said gas and to 
decompose said target substance, thereby producing a 
product gas containing a decomposition product; 

a contacting chamber; 

a connecting passage extending between said reactor 
and said contacting chamber for discharging the product 
gas from said reactor and feeding same to said contacting 
chamber; 

a quartz oscillator disposed in said contacting 
chamber and having opposing surfaces each provided with an 
electrode, at least one of said electrodes being reactable 
with said decomposition product so that said decomposition 
product is reacted with said reactable electrode when 
said product gas is contacted with said reactable 
electrode; and 

a device for measuring a variation in frequency of 
said quartz oscillator. 



BRIEF DESCRIPTION OF THE DRAWINGS 
Other objects, features and advantages of the 
present invention will become apparent from the detailed 
description of the preferred embodiments of the invention 
which follows, when considered in the light of the 
accompanying drawings, in which: 

Fig. 1 is a schematic illustration of one embodiment 
of an apparatus for analyzing a concentration of a target 
substance contained in a gas in accordance with the 
present invention; and 

Fig. 2 is a graph showing a change of a frequency of 
a quartz oscillator caused by feeding benzene-containing 
gas . 



DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS OF THE INVENTION 
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When the target substance is not reactable with an 
electrically conductive metal electrode, it is first 
decomposed to produce a product gas containing a 
decomposition product reactable with the electrode. The 
5 decomposition product is then contacted with the electrode 
of the quartz oscillator for the reaction therewith to 
cause a frequency deviation. 

The decomposition of the target substance may be 
carried out by any known method such as oxidation, 

10 reduction or photolysis. A catalyst may be used in the 
decomposition. 

For example, when the target substance is a 
chloroorganic compound such as trichloroethylene, UV 
irradiation of the chloroorganic compound in the presence 

15 of a titanium oxide catalyst can decompose same to produce 
hydrogen chloride as a decomposition product. 

When the target substance is an oxidizable substance 
such as an aromatic compound, e.g. benzene, toluene, 
xylene, chlorobenzene or o-dichlorobenzene; an aliphatic 

20 hydrocarbon, e.g. C5-C10 alkane; acetylene; or an 

oxidizable inorganic gas, e.g. carbon monoxide, the 
decomposition of the oxidizable substance may be 
preferably carried out by oxidizing the oxidizable 
substance with a first oxidizing agent of iodine pentoxide 

25 and a second oxidizing agent selected from the group 
consisting of sulfuric acid and pyrosulfuric acid to 
produce iodine as the decomposition product. In this case, 
the preferred reactable electrode is made of silver. The 
silver electrode is preferably maintained at a temperature 

30 in the range of 10-50°C. 

The oxidation using the first and second oxidizing 
agents may be suitably carried out passing an oxidizable 
substance-containing gas through a packed bed of the first 
and second oxidizing agents. For this purpose, it is 

35 preferred that the first and second oxidizing agents be 
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supported on a suitable carrier such as an inorganic metal 
oxide or a ceramic material. The carrier is preferably in 
the form of particles having a diameter of about 1-300 \im, 
preferably about 10-150 pm. Silica is suitably used. The 
5 amount of iodine pentoxide on the carrier is generally 
0.05-0.5 % by weight, preferably 0.1-0.4 % by weight, 
based on the weight of the carrier. The amount of 
sulfuric acid or pyrosulfuric acid is generally 20-50 % by 
weight, preferably 25-35 % by weight, based on the weight 

10 of the carrier. 

The oxidation may be carried out at any desired 
temperature, generally at -10°C to 100°C, preferably 10- 
60°C, more preferably 20-30°C. The reaction pressure and 
relative humidity are not specifically limited. Ambient 

15 pressure is generally adopted. A relative humidity of 20- 
70 % is suitably adopted. 

When the target substance is a volatile 
chloroorganic compound such as trichloroethylene, 
tetrachloroethylene, 1, 2-dichloroethylene or ethylene 

20 chloride, the decomposition of the chloroorganic compound 
may be preferably carried out by oxidizing the 
chloroorganic compound with lead oxide and sulfuric acid 
to produce hydrogen chloride as the decomposition product. 
In this case, the preferred reactable electrode is made 

25 of copper. The copper electrode is preferably maintained 
at a temperature in the range of 10-50°C. 

The oxidation using lead oxide may be suitably 
carried out passing an oxidizable substance-containing gas 
through a packed bed of lead oxide and sulfuric acid. For 

30 this purpose, it is preferred that the lead oxide and 

sulfuric acid be supported on a suitable carrier such as 
an inorganic metal oxide or a ceramic material. The 
carrier is preferably in the form of particles having a 
diameter of about 1-300 pm, preferably about 10-150 

35 Silica is suitably used. The amount of lead oxide on the 
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carrier is generally 0.5-2 % by weight, preferably 0.8- 
1.2 % by weight, based on the weight of the carrier. The 
amount of sulfuric acid is generally 2-7 % by weight, 
preferably 3.5-5 % by weight, based on the weight of the 
5 carrier. 

The oxidation using lead oxide and sulfuric acid may 
be carried out at any desired temperature, generally at 
-10°C to 100°C, preferably 10-60°C, more preferably 20- 
30°C. The reaction pressure and relative humidity are not 
10 specifically limited. Ambient pressure is generally 
adopted. A relative humidity of 20-70 % is suitably 
adopted. 

One preferred apparatus for analyzing a 
concentration of a target substance which is contained in 

15 a feed gas and which is not reactable with an electrically 
conductive metal electrode is illustrated in FIG. 1. The 
apparatus comprises a reactor 3 configured to receive the 
feed gas. The reactor 3 has a packed bed 7 of an 
oxidizing agent. Thus, when the feed gas is passed 

20 through the packed bed 7, the target substance contained 
therein is decomposed to produce a product gas containing 
a decomposition product . 

Disposed downstream of and close to the reactor 3 is 
a contacting chamber 1 into which the product gas from the 

25 reactor 3 is introduced through a connecting passage 2 

extending between the reactor 3 and the contacting chamber 
1. Accommodated in the contacting chamber 1 is a quartz 
oscillator 5 having opposing surfaces each provided with 
an electrode (not shown) . 

30 At least one of the electrodes of the quartz 

oscillator 5 is reactable with the decomposition product 
contained in the product gas so that the product gas when 
contacted with the reactable electrode is reacted 
therewith. The quartz oscillator 5 has an output 

35 (indicative of a frequency) coupled to a detector 



- 8 - 



(frequency measuring device) 8 and a controlling and 
processing unit 6 including a computer where the 
concentration of the target gas is calculated in the 
conventional manner from the frequency deviation detected 
5 by the frequency measuring device 8. The fundamental 
frequency of the quartz oscillator 5 is suitably 
determined in view of the desired sensitivity thereof. 
The output from the quartz oscillator 5 may be connected 
to the frequency measuring device 8 with or without 
10 wirings. 

The product gas is discharged through a line 4 as an 
exhaust gas. The inside walls of the reactor 3, 
contacting chamber 1, gas flow passages 2 and 4 and other 
associated parts with which the decomposition product is 

15 contacted are suitably made of an inert material such as a 
polytetraf luoroethylene resin or a glass. 

Each of the reactor 3 and the contacting chamber 1 
is preferably provided with a temperature sensor whose 
output is electrically coupled to the controlling and 

20 processing unit 6. Since the decomposition efficiency of 
the target substance varies with the temperature in the 
reactor 3 and since the sensitivity (reactivity) of the 
electrode also varies with the temperature in the 
contacting chamber 1, the reactor 3 and the contacting 

25 chamber 1 are desired to be maintained at predetermined 
temperatures. The contacting chamber 3 is preferably 
constructed as a thermostatic chamber provided with 
suitable heaters and coolers. 

The sensitivity of the quartz oscillator increases 

30 with an increase of the area of the reactable electrode. 
Thus, both electrodes can be made reactable and/or the 
area of the reactable electrode or electrodes can be 
increased, when a high sensitivity is desired. The amount 
of the oxidizing agent in the packed bed 7 and the flow 

35 rate of the gas feed containing the target substance also 
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contacting chamber, the iodine was reacted with the silver 
electrodes. During the course of the gas feed, the 
frequency of the quartz oscillator 5 was measured in a 
frequency measuring device 8. The results of the 
5 measurement is shown in FIG . 2. A sensitivity of 1 ppb/Hz 
or higher was found to be attained. 

The invention may be embodied in other specific 
forms without departing from the spirit or essential 
characteristics thereof. The present embodiments are 

10 therefore to be considered in all respects as illustrative 
and not restrictive, the scope of the invention being 
indicated by the appended claims rather than by the 
foregoing description, and all the changes which come 
within the meaning and range of equivalency of the claims 

15 are therefore intended to be embraced therein. 

The teachings of Japanese Patent Application No. 
2002-271189, filed September 18, 2002, inclusive of the 
specification, claims and drawings, are hereby 
incorporated by reference herein. 



